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PIXEL STRUCTURE IN AN BLECTROLXmiNESCENT DISPLAY DEVICE 



Technical field 

The preseat invention relates to a device conaprising at least one picture 
element, the at least one picture element comprising a plurality of electroluminescent sub- 
pixels. 

5 

Backgroimd 

Since their discovery in the early 1990's, light emitting devices utilizing 
electrolumiaescent material, organic material such as polymers as well as inorganic material, 
have been subject to very intense research and development efforts. Products including such 
10 devices and are now becoming widely available. Examples of such products include mobile 
commimication temiinals, PDA's etc that are equipped with monochrome or colour matrix 
display devices. 

Major strides in the development of the electroluminescent devices have been 
taken in the field of reduction of drive voltages as well as in the field of increasing the 
15 efficiency of conversion of electric energy mpnt to lunodnous energy emitted firom the 
devices. 

In a typical colour matrix display devices having electrolmninescent light 
emitting diodes, each picture element (pixel) contains three sub-pixels. By utilizing different 
materials, organic material such as polymers or low molecular wei^t material, or iaorganic 

20 material such as Phosphor, each capable of providing electroluminescence in the wavelength 
band corresponding to the primary coloins, for the sub-pixels it is possible to generate a 
realistic coloxir picture. Electrical driving of the sub-pixels under control of an incoming 
video or graphics signal, an intensity per colour (i.e. per sub-pixel) is generated. The sum of 
the Ught output by sub-pixels gives the total brightness and hue of the pixeL 

25 However, it is known that different electrolunainescent materials have different 

lifetimes in terms of stress Ufetimes at constant brightness. The material degrades, for 
example, via photo oxidation, electro oxidation as well as molecular chain reorientation and 
results in a reduced efficiency of convwting input electric energy into lundnous flux. 



wo 2004/025613 PCT/IB2003/003411 

2 

Needless to say, the specific timescales for the degradation effects differ among the 
electroluminescent materials. 

Whereas the lifetime of an electroluminescent material can be measured, 
simply, by considering the change of brightness of the device containing the material, the 
S degradation lifetime also depends on the electric current density obtained in the 

electroluminescent material wh^ feeding electric current to the device. It has been found that 
there is an inverse proportionality relation between current density and lifetime, i.e. by 
increasing the input current to a given organic material element by a factor of two, the 
degradation lifetime of the element is also reduced by a factor of two. 

10 These, seemingjly imavoidable degrading effects, results in a serious problem 

when constructing colour displays having picture elements with a plurality of sub-pixels fliat 
are made of different electroluminescent materials. The problem relies on the fact that, in 
colour display applications such as when providing a computer or other personal 
communication devices with a colour display, it is important to maintain a long-term balance 

15 of luminance between the sub-pixels in order to maintain the capability of the display to 
represent true colours and hues, hi fact, the sub-pixels comprising the electroluminescent 
material with the shortest degradation timescale then governs the lifetime of a display. 

An electroluminescent display apparatus according to prior art is disclosed in 
US Patent 6,366,025. There, the emissive area of R-, G- and B-sub-pixels in a picture 

20 element is selected to compensate for the sub-pixels having different emission ef&ciencies, 
givCTL a situation where the electric current supplying the sub-pixels is such that the current 
density is maintained at a constant level for all sub-pixels. 

Summary of the invention 
25 It is hence an object of the present invention to overcome problems related to 

prior art devices utilizing electroluminescent material. 

A problem solved by the invention is how to extend the degradation Ufetime of 
an electroluminescent device. Or, in other words, a problem of how to circumvent early 
burnout of one or more sub-pixels in picture elCTients of an electroluminescent device, and 
30 thereby extending the lifetime, is addressed by the invention. 

A solution according to the invention as claimed below entails providing an 
electroluminescent device having sub-pixel arrangements enable of maintaining an 
acceptable limiinance balance between the sub-pixels. 
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la some detail, an electroluminescent device according to the invention 
comprises at least one picture element, comprising a plurality of electroluminescent sub- 
pixels capable of emitting light when subject to electric current. The sub-pixels each have a 
degradation lifetime and an emissive area and, for any pair of iGrst and second sub-pixels in a 

5 picture element, the ratio between the first sub-pixel emissive area and the second sub-pixel 
emissive area is inversely proportional to the ratio between the degradation lifetime of said 
first sub-pixel and the degradation lifetime of the second sub-pixeL 

The effect of the invention is hence a circimivention of early bumout of sub- 
pixels in an electroluminescent device. The sub-pixels are arranged such that the emissive 

10 area of the sub-pixels scale inversely proportional with their expected lifetime. In other 

words, the sub-pixel made of the material having shortest degradation lifetime will have the 
largest area. 

An advantage of the invention is that an extended lifetime of an 
electroluminescent device is obtained, at leeist in terms of a maintained luminance balance 
15 between sub-pixels of different colours, irrespective of the electric driving conditions. That 
is, the invention provides an extended display Ufetime when the sub-pixels are subject to 
substantial variations in the electric current density, which is the case during normal 
operation of, e.g., a colour display unit comprising an electroluminescent device according to 
the invention. 

20 Such normal operation entails typical use of a display showing random 

pictures having large variation of brightness between picture elements and since the inverse 
proportionality of current density and lifetime holds, it is possible to determine area ratios 
that holds throughout a substantial range of brightness of tiie display the pixels are being 
used. 

25 In an espacenet abstract of JP10003971 an organic EL device having red green 

and blue sub-pixels of different area is disclosed. The ratio of the sub-pixel areas is not 
chosen in accordance with the lifetime but chosen to obtain white by applying the same 
voltage to the red green and blue sub-pixel. 

According to a preferred embodiment of flie invention, a picture element 

30 comprising at least a pair of sub-pixels, is considered and the area of the sub-pixels is 
calculated using a relation: . 
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where y, tj and a, with index 1 representing any first sub-pixel and index 2 representing any 
second sub-pixel, are respective material parameters, where the y-parameter is a scaling 
factor which is the proportionaUty constant between on tiie one hand the efficiency divided 
by the brightness of the pixel and on the other hand the resulting lifetime of the pixel, the tj- 
parameter is the ef&ciency of a material measured in Cd/A and is the proportionality constant 
between the amount of current through a pixel and the light being generated, and where the 
a-parameter defines the weight factor for the respective sub-pixel, or in other words of the 
total Ught emitted by a colour pixel a firaction a is emitted by the sub-pixel, where the Ught 
emitted by a color pixel is expressed in Cd. 

Preferred selections of electroluminescent materials include both organic and 
inorganic materials. Among the organic materials, electrolimunescent polymers as well as 
low molecular weight molecules are preferred choices. 

Advantageous use of electroluminescent devices include both illumination 
devices and matrix display units of, e.g., passive or active type. 

Brief description of the drawings 

The invmtion will now be described in terms of preferred embodiments and 
with reference to the drawings, where: 

Figure 1 schematically shows an electronic device including a colour display 
device according to the invention. 

Figure 2 schematically shows a picture element comprising G- and B-sub- 

pixels. 

Figure 3 schematically illustrates a picture element comprising a number of 
emissive sub-pixel area parts. 

Preferred embodiments 

Figure 1 shows an electronic device 100 comprising an electroluminescent 
colour display device 101 according to the present invention. The device 100 is intentionally 
illustrated in a generic manner in order to emphasize the &ct that a display unit according to 
the invention is appUcable in any electronic device such as a computer or a communication 
terminal, as the skilled person realizes. 

A control unit 102 utilizes contents of a memory unit 103 and exchanges 
information with, e.g., an extemal data somrce via a connector 108 of an input/output 
interface unit 104. Via a data bus 107 the control unit 102 provides signals to row and 
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column signal feed lines 105, 106 feeding electric current to a matrix of picture elements 110 
of the electroluminescent device 101. As the person skilled in the art xmderstands, the picture 
elements 110 comprise a number of individual components, a few of which will be discussed 
further below in connection with figure 2. However, for clarity it should already here be 
pointed out that the picture elements 1 10 comprise electrolimainescent polymer as well as 
anodes and cathodes, for example forming part of TFT (thin film transistor) ckcuitry. A 
passive matrix arrangement may also be used. Moreover, although only a polymer 
implementation will be described below, other types of electroluminescent materials can be 
used and these include both organic and inorganic materials. Among the organic materials, in 
addition to electroluminescent polymers, also low molecular weigiht molecules are preferred 
choices. 

Turning now to figure 2, one single picture element 200 will be discussed. A 
first sub-pixel polymer patch 201, a second sub-pixel polymer patch 202 and a third sub-pixel 
polymer patch 203 are arranged above a respective first, second and third anode 204,205,206 
forming part of a TFT circuit (not shown in detail) and connected to further circuitry as 
indicated by the interface 207. As the person skilled in the art will understand, additional 
circuitry is needed when constructing a display device. However, such circuitry is outside the 
scope of the present invention and will not be discussed further. 

Each sub-pixel polymer patch 201,202^^03 receives electric current via the 
respective anode 204,205,206. Thereby a respective emissive area 211,212,213 is obtained on 
the patches, providing the desired Ught emission. 

Figure 3 illustrates an example of a picture element 300 comprising three sub- 
pixels, a first 301, second 304 and a third sub-pixel 302. However, in contrast to the example 
described above in connection with figure 2, the sub-pixels 301,304,302 each comprises a 
different number of emissive area parts. The first sub-pixel 301 comprises one emissive area 
part 301, the second sub-pixel 304 comprises two emissive area parts 305 and the third sub- 
pixel 302 comprises foxir emissive area parts 303. 

In the following, a calculation wiU be presented of how to derive area ratios in 
accordance with the equivalent lifetime concept according to the present invention. Note that 
the derivation will be illustrated by using a three colour/sub-pixel notation: R, G and B. 
First an index i is defined enumerating the sub-pixels R^G and B. Furthermore the area of the 
sub-pixel is defined by Ai wifli the constraint Sum(4/) = Ao, where Ao is the total area (which 
is hght-emissive)of the picture element comprising tiie sub-pixels. 
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The deterioration lifetime J of an electrolTuninescent device scales with 
current density IJAi with i/ being the current through the sub-pixel in a manner defined by: 

■ ^'-r-i 

5 where yis a scaling fector which is the proportionality constant between on the one hand the 
efficiency divided by the brightness of the pixel and on the other hand the resulting lifetune 
of the pixel. The units are Ah/m^. In other words determines the relation between lifetime 

10 and the brightness that tiie pfacel is set at. Translated to brightness Bt in units of cd/m^ we 
have: 

where use has been made of the relation: 

where rit is the efficiency of the device in units of cd/A. 

The colour ratios are defined by: a^-.a^: 

20 That is, a defines the weight factor for the respective colour, or in other words: of the total 

light emitted by a colour pixel a firaction a is emitted by the one of the sub-pixels. Hence we 

findthat: _ B^A^ _ tj, 

A, 

which leads to: 



25 ' a.B^A^ 

We want all the pixels to decay in the same time, so setting all Ufetimes equivalent leads to 
therelationfortheareasasin: y^^^A, . y^rj^A, ^ ny^A, 

Uo 

This last equation only contains material parameters >^ch can be measured 
30 on a manu&ctured device, and for any two sub-pixels, denoted by numeral 1 and 2, Has area 
ratio can hence be written as: jj^ cc^ 

Hence, to summarize, an electroluminescent device for use, e.g., in a colour 
matrix display unit is presented. Picture elements comprise a plurality of electrolimiinescent 
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sub-pixels capable of emitting light when subject to electric current The sub-pixels each 
have a degradation lifetune and an emissive area and, for any pair of first and second sub- 
pixels in a picture element, the ratio between the first sub-pixel emissive area and the second 
sub-pixel emissive area is inversely proportional to the ratio between the degradation lifetime 
of said first sub-pixel and the degradation lifetime of the second sub-pixel. 



